Background: Anxiety patients exhibit deficits in cognitive tasks that require prefrontal control of attention, including those that tap working memory (WM). However, it is unclear whether these deficits reflect threat-related processes or symptoms of the disorder. Here, we distinguish between these hypotheses by determining the effect of shock threat versus safety on the neural substrates of WM performance in anxiety patients and healthy controls. 
INTRODUCTION

Individualswithanxietydisordersfrequentlysufferfrom
attentional problems, such as being easily distracted and periods of safety and threat of shock. We recorded BOLD activity during the task, and investigated the effect of clinical anxiety (patients vs.controls) and threat on WM load-related BOLD activation.
unable to focus on ongoing tasks. In fact, one of the core symptoms of generalized anxiety disorder (GAD) is "difficulty concentrating." [1] Such susceptibility to distraction has been linked to competition between taskrelevant and task-irrelevant (e.g., worry) thoughts in working memory (WM). [2] Although anxiety has been frequently shown to disrupt WM, [3] [4] [5] negative studies have also been reported. [6] Inconsistent results might be related to the use of different operational definitions of anxiety in these studies. Some studies examine changes in aversive state (state anxiety) usually using within-subject designs, while others define anxiety as a predisposition (trait or dispositional anxiety). In addition, anxiety also refers to a disorder (clinical anxiety), with high levels of trait and state anxiety. Therefore, it is difficult to determine the root cause of the WM deficits reported in previous work. Furthermore, because clinical anxiety includes symptoms related to both dimensions, it is difficult to determine whether the WM deficits in these individuals arise primarily from disease characteristics, or statedependent effects such as threat-related processing.
Studies on the relationship between dispositional anxiety (i.e., high trait anxiety) and WM performance suggest that impairments in WM potentially arise from two alternative mechanisms, (1) an inefficient cognitive control system, or (2) an inability to engage control mechanisms to screen out task-irrelevant (threat) processing and focus on the task. In line with the first interpretation, individuals with dispositional anxiety over-engage the dorsolateral prefrontal cortex (dlPFC) due to interference from threat-related processing/worry. [2, 6, 7] In line with the second interpretation, individuals with dispositional anxiety under-engage the dlPFC, even in the absence of distractors, leading to less dlPFC activation during task performance. [8] [9] [10] Using functional magnetic resonance imaging (fMRI), the present study will test these alternative hypotheses.
However, these interpretations do not control for increases in state anxiety in response to an actual or perceived threat stimulus. Therefore, the purpose of this study was to determine whether WM-related deficits in clinical anxiety are chronic, or whether they arise due to threat-related processing (e.g., worry). In the latter case, one would expect that experimentally inducing threat would exacerbate the deficits. To manipulate state anxiety we used threat of shock, which is a well validated, [11, 12] translational procedure, [13] [14] [15] [16] previously shown to increase state anxiety, [3, [17] [18] [19] cause worry, [20, 21] and interfere with task performance. [22] [23] [24] [25] [26] We tested WM performance during threat of shock and safety in anxiety patients and healthy controls, while recording brain activity with fMRI. Subjects performed a spatial N-back WM task comprising four levels of difficulty (i.e., cognitive load), 0-back, 1-back, 2-back, and 3-back conditions. We chose to study spatial WM because it has been found to activate the dlPFC proportionally to the load level, [27, 28] and, unlike verbal WM, [4] has been previously shown to be influenced by anxiety at both low and high loads. [4, 23, 29] Using this paradigm, we tested two competing hypotheses: (1) Exaggerated dlPFC activation in clinical anxiety arises transiently in anxiogenic (threat) situations, where processing of threat-related information interferes with task demands [7, 30] ; (2) poor engagement of the prefrontal cortex (particularly dlPFC) in clinical anxiety reflects a core component of the disorder, rather than a transient effect of threat-related processing. [8] [9] [10] The former hypothesis would be supported by a Diagnosis × Threat (threat, safe) interaction or Diagnosis × Load × Threat interaction, where patients actually show greater dlPFC activation relative to the controls, but only in the threat condition. The latter hypothesis would be supported by a diagnosis main effect or Diagnosis × Load interaction, where patients show reduced dlPFC activation compared to healthy controls, independent of threat.
METHODS
PARTICIPANTS
Forty-one healthy volunteers (27 female; M(SD): 28.65 (7.14) yo) and 28 anxiety patients (20 female; M(SD): 30.96 (9.87) yo) from the Washington DC metropolitan area were recruited into the present study. Following an initial telephone screen, participants visited the National Institutes of Health Clinical Center for a comprehensive screening by a clinician. Inclusion criteria for clinical anxiety were as follows: (1) no other current Axis I psychiatric disorder or past psychosis as assessed by SCID-I/P, [31] (2) no first-degree relative with a known psychotic disorder, (3) no interfering acute or chronic medical condition, (4) no brain abnormality on MRI as assessed by a licensed radiologist, (5) negative urine drug screen, and (6) right-handedness. Of the sixty-nine participants recruited, six participants (five patients) were excluded from the analysis because of issues with their fMRI data (e.g., excessive motion, imaging artifacts, etc.). All included datasets were free from excessive motion (defined below) and obvious imaging artifacts.
Anxiety patients were diagnosed with either GAD (n = 7), social anxiety disorder (SAD, n = 3), or comorbid GAD/SAD (n = 13) using DSM-IV classifications. [1] Additional inclusion criteria for healthy volunteers were no current or past history of any Axis I psychiatric disorder as assessed by SCID-I/NP. All participants gave written informed consent approved by the National Institute of Mental Health (NIMH) Combined Neuroscience Institutional Review Board and received compensation for participating.
PSYCHOMETRIC DATA
Participants completed measures of anxiety (Beck Anxiety Inventory, BAI [19] ; State/Trait Anxiety Scale [20] ), depression (Beck Depression Inventory, BDI [21] ), and intelligence (Wechsler Abbreviated Scale of Intelligence, WASI [22] ).
A task-specific questionnaire was administered after each block to assess the participants' emotional state during the task. This questionnaire included the following questions, which were all scored on 1 (not at all) to 9 scales (extremely): (1) During the previous (threat/safe) blocks, how much did each task distract you from anxiety related to the shock? (2) During the previous (threat/safe) blocks, how much did your anxiety related to the shock interfere with your performance on each task? (3) Please rate your level of anxiety/fear when you were in the (threat/safe) blocks. 
STIMULI AND APPARATUS
Stimuli were presented to participants using the Presentation software package (version 14.6, Neurobehavioral Systems, Berkeley, CA) via a back-projection system. We used a Digitimer constant current stimulator (DS7A; Digitimer, Letchworth Garden City, UK) to deliver 2 ms shocks to the subjects' left wrist via 2 Ag/AgCl 6 mm electrodes. The intensity of the shock could range from 0 to 100 mA and was calibrated prior to the experiment. Responses were collected using a 4-button fiber optic response device (Current Designs, Philadelphia, PA).
PROCEDURE
Upon arrival to the scanning suite, subjects were briefed on the experiment, assessed by a nurse, and given an opportunity to review the informed consent form. They then completed the battery of psychological tests (see Psychometric Data) and practiced the task. Next, subjects were escorted into the scanning room, and situated comfortably on the gurney. Scanning began with the collection of an Magnetization-Prepared Rapid Gradient-Echo (MPRAGE), followed by two echo-planar images (EPI) task runs. After completion of the task, the subject was removed from the scanner and completed a postexperimental and a debriefing questionnaire.
During the task runs, the subject performed several blocks of the N-back task, which occurred during periods of safety and threat of shock (see Fig. 1 ). For the duration of the experiment, subjects viewed a diamond-shaped area in the center of the screen, surrounded by a colored box. The color of the surrounding box informed the subject whether they were in a safe block (blue) or a threat block (red). The target stimulus ( * ) could appear in one of four quadrants of the viewing area, corresponding to the corners of the diamond. During the 1-, 2-, and 3-back blocks, the subject had to indicate whether the current stimulus was in the same position as the stimulus presented 1, 2, or 3 trials previously. During the 0-back condition, the subject had to indicate whether the position of the stimulus matched the target position (uppermost quadrant). As a result, there were eight types of blocks: Safe (0-, 1-, 2-, and 3-back) and Threat (0-, 1-, 2-, and 3-back).
Blocks were 40 s long, separated by an 8 s interblock interval. Prior to each block, the block type (0-, 1-, 2-, or 3-back) was specified at the top of the screen for a period of 2 s, after which the border changed color to indicate the condition (Safe or Threat). Each block consisted of 18, 2.5 s trials. During each trial, the target stimulus was presented for 500 ms, followed by a 2 s intertrial interval. Blocks were grouped into two, 760 s runs, each with 16 blocks (two per type). Blocks were pseudorandomly organized, such that blocks from the same condition (safe or threat) or load level (0-, 1-, 2-, or 3-back) were not presented sequentially. In addition, block order was counterbalanced across subjects, such that half of the subjects began with a safe block and the other half began with a threat block. Participants were told they would receive shocks unpredictably during the threat condition. Over the course of the experiment, participants received a total of eight shocks. The shocks were delivered at unpredictable moments during the threat blocks, and shock delivery was varied across counterbalance orders. We included a regressor of no interest corresponding to the shock delivery. To create this regressor, we modeled a gamma variate function beginning at the repetition time (TR) of each shock presentation.
SHOCK INTENSITY CALIBRATION
Shock intensity varied across participants based on their subjective rating of stimulus discomfort. The shock work-up procedure was completed prior to the task to determine a strength which was "uncomfortable, but not painful." Acceptable subjective stimulus rating ranged from 3 to 4.5 on a 1-5 scale of discomfort (1 = not at all, 5 = extreme).
FMRI ACQUISITION
We collected two runs of 380 EPI using a 3T Siemens MAGNE-TOM Skyra (Erlangen, Germany) fMRI system, and a 32-channel head coil. Thirty-five interleaved 3 mm slices (matrix = 64 mm × 64 mm; FOV = 192 × 192) were collected parallel to the AC-PC line (TR = 2 s; echo time (TE) = 30 ms; flip angle = 70°), resulting in whole-brain coverage with 3 mm isotropic voxels. Prior to the first functional run, we acquired a T1-weighted MPRAGE (TR = 1900; TE = 2.13; flip angle = 9°). We acquired 192, 0.9 mm axial slices (matrix = 256 mm × 256 mm; field of view (FOV) = 240 mm × 240 mm), which were later co-registered to the EPI images.
FMRI ANALYSIS
fMRI data were analyzed using the AFNI software package. [32] MPRAGE images were first processed with Freesurfer [33] to obtain segmentation masks corresponding to the brain (skull-stripped), white matter, and ventricles. The whole-brain masks were normalized to MNI space using the ICBM 2009a Nonlinear Symmetric atlas [34] [35] [36] and the AFNI program 3dQwarp, which performs a nonlinear warp to a template brain. For display purposes, the skull-stripped MPRAGE images in MNI space were averaged across subjects. This average serves as the underlay for Figs. 3-5. The following preprocessing steps were done to the EPI data using the afni proc.py script: despiking the timeseries (despike), slice timing correction (tshift), co-registration with the MPRAGE (align), volume registration across the timeseries (volreg), and normalization (scale). To correct for motion, we censored images where the derivative of the motion regressors from 3dvolreg had a Euclidean norm above 0.5 mm. These preprocessed EPI timeseries were then warped to MNI space using the parameters obtained from 3dQwarp, and blurred within the whole-brain mask using a 6 mm FWHM Gaussian filter. In addition, we excluded subjects with more than 76 (10% of total) censored TRs. Six subjects were excluded based on these criteria.
For the first level analysis, we extracted statistical parametric maps using a general linear model, as implemented in the AFNI program 3dDeconvolve. Regressors based on a fourth-order polynomial were used to model the baseline. Regressors of no interest were created from six motion parameters, timeseries from the white matter and ventricles, and shock onsets. The shock onsets were convolved with a gamma variate function to account for blood-oxygen-level dependent (BOLD) responses to the shock stimuli. Given that block designs typically result in better signal to noise ratio, [37] and the N-back task requires blocks of regularly spaced trials of a particular type (e.g., 1-back, 2-back, etc.), we chose a block design to model the BOLD response for the different conditions. Regressors corresponding to the 40 s blocks were convolved with a gamma variate function and entered into the GLM. The resulting partial correlation coefficients for each condition were extracted, and converted to z-scores using the following formula ([β − M β ]/SD β ) to account for individual differences in overall BOLD responses.
To determine the effect of WM load, diagnosis, and threat on the BOLD responses, we performed a general linear model with Load, Diagnosis, and Threat as fixed factors, and subject as a random factor to analyze the group data (blurred beta maps). Diagnosis and Threat were each dummy-coded using a single degree of freedom. Because there were unequal Ns in our diagnostic groups, we weighted the group codes for that regressor.
Although previous studies examining WM in anxiety have treated load as a singular construct, [4, 5, 23] increasing the number of items in the N-back task incorporates multiple cognitive processes. [38] [39] [40] For instance, moving from a 0-back target detection task to a 1-back task requires the maintenance of the 1-back item across time, while moving from a 1-back task to a 2-back task requires the maintenance of the 1-and 2-back items, and the additional suppression of the 1-back item, which is maintained but not acted upon. Models using multiple degrees of freedom, like linear or quadratic trends, may miss neural activity uniquely engaged by these distinct processes. [41] Therefore, we chose to model the effects of this factor using three orthogonal comparisons to capture specific increases in WM load-related processing as the number of to-be-maintained items increased. Accordingly, we dummy-coded the following regressors: load comparison 1 (0-back vs. 1-, 2-, and 3-back), load comparison 2 (1-back vs. 2-and 3-back), and load comparison 3 (2-back vs. 3-back). To code the two-way and threeway interactions between the fixed factors, we simply cross-multiplied each of the main effect regressors. In addition, because we saw differences in BDI scores across groups, we included BDI as a covariate. We then entered these regressors into the AFNI program 3dRegAna. In addition, we used the same general linear model to predict accuracy and reaction time.
The resulting statistical group maps were then corrected for multiple comparisons using a cluster-thresholding technique. We began by estimating the smoothness of noise by passing the subjects' residual timeseries from 3dDeconvolve through the AFNI program 3dFWHMx, resulting in an estimated average smoothness of 7.43 mm. We then ran 10,000 monte carlo simulations using the AFNI program 3dClustSim to estimate a minimum cluster size threshold based on the estimated smoothness of our noise (s = 7.43 mm) and a voxel-wise Pthreshold (P < 0.001). Based on these simulations, we chose minimum cluster size threshold of 24 3 mm voxels (648 μL), which yielded a corrected alpha threshold at the cluster level of .01.
RESULTS
PSYCHOMETRIC DATA
To examine differences between patients and controls on dimensional measures of anxiety, depressive symptoms, and intelligence, we administered a battery of psychological tests, and compared group means using independent samples t-tests. As expected, patients reported elevated state anxiety, both before and after the experiment. Patients also reported higher trait anxiety, and scored higher on both the BAI and BDI, but their WASI scores did not differ from that of the controls (see Table  1 for summary and statistics).
SUBJECTIVE EXPERIENCE OF THE TASK
To determine the effect of diagnosis and threat on retrospective cognitive and emotional ratings, a general linear model was performed with Diagnosis and Threat as fixed factors, and Subject as a random factor for each of the scales (see Table 2 ).
Diagnosis. Overall, patients reported more anxiety during the experiment (i.e., during both safe and threat; t(119) = 3.03; P < 0.01), greater anxiety-related task interference (t(119) = 3.01; P < 0.01), and more effort required to perform the task (i.e., more difficult; t(119) = 4.03; P < 0.01). Importantly, these differences were present even though groups rated the aversiveness of the shock similarly (t(54) = 1.16; P = 0.25).
Threat. Threat of shock increased anxiety ratings during the experiment (Threat > Safe; t(119) = 7.56; P < 0.01). Subjects also reported that their shock-related anxiety interfered with performance more during the threat blocks than the safe blocks (t(119) = 6.76; P < 0.01), and that the task was more difficult during the threat blocks than the safe blocks (t(119) = 5.62; P < 0.01). Subjects also reported that the task distracted them from their anxiety more during the threat blocks than during the safe blocks (t(119) = 4.32; P < 0.01).
Diagnosis by Threat. There were no significant Diagnosis by Threat interactions. Although the shock calibration procedure used a 1-5 scale, similar to previous studies, [4, 5] the post block shock ratings were collected using a 1-9 scale, to remain consistent with the other questionnaires in the packet. Values reflect mean (SD).
PERFORMANCE
To determine the effects of load, diagnosis, and threat on performance, we performed a general linear model with Load, Diagnosis, and Threat as fixed factors, and Subject as random factor for accuracy and reaction time. Diagnosis had a significant main effect on both accuracy and reaction time (see Fig. 2 ). Healthy controls were both faster (t(487) = 3.39; P < 0.01) and more accurate (t(487) = 3.36; P < 0.01) compared to the anxious patients. In addition, there was a significant main effect of Load for all three comparisons. In all load comparisons, subjects were faster (Load 1; t(487) = 11.62; P < 0.01, Load 2; t(487) = 7.37; P < 0.01, Load 2; t(487) = 2.68; P < 0.01) and more accurate (Load 1; t(487) = 3.94; P < 0.01, Load 2; t(487) = 6.93; P < 0.01, Load 3; t(487) = 6.53; P < 0.01) for the easier condition, suggesting a linear decrease in speed and accuracy as task difficulty increased. There was no significant Threat main effect (Accuracy: Threat; P = 0.88; RT: Threat; P = 0.49) and no significant interactions (Accuracy: Diagnosis by Threat; P = 0. 
WM LOAD-RELATED AND THREAT-RELATED BOLD, ACROSS THE WHOLE SAMPLE
First, the effects of the task manipulations (i.e., WM Load and Threat) were examined. WM Load. Extensive and largely overlapping activation clusters were revealed for the first two contrasts (Load 1: 0-back vs. 1-, 2-, 3-back, Load 2: 1-back vs. 2-, 3-back; see Fig. 3A and B, respectively), which largely replicate activity patterns identified in previous studies of WM. [38] [39] [40] In brief, higher load was associated with greater activation of task-positive networks such as the frontoparietal attention network (dlPFC and SPL), the sensory motor network (SMA and thalamus), and the cingulo-opercular network (dmPFC and anterior insula). In contrast, we found load-related deactivation in regions of the task-negative default mode network (DMN; vmPFC, PCC, and the hippocampus). Finally, the third comparison (2-back vs. 3-back) yielded significant clusters in the left dorsal anterior cingulate cortex and right supplemental motor area.
Threat. The Threat manipulation was associated with a pattern of activation (see Fig. 3D ) that largely replicated findings of previous studies.
[ [42] [43] [44] [45] [46] [47] Threat versus safety was associated with greater activation in regions involved with emotional expression (dorsal ACC, medial dorsal thalamus, and anterior insula), and less activation in regions involved with emotion regulation (vmPFC). [48, 49] 
WM LOAD-RELATED BOLD IS MODULATED BY BOTH DIAGNOSIS AND THREAT
Next we determined whether Diagnosis and Threat influenced WM load-related BOLD activity. Because we were specifically interested in whether these factors affected task-related patterns of activity (such as frontalparietal cognitive control regions), we limited our analysis to the areas of the brain that specifically contributed to the task, as indicated by the Load main effects (see Table 3 and Fig. 5 for summary) .
Diagnosis × Load. WM load-related BOLD activity was modulated by Diagnosis in six statistically significant clusters (see Table 3 ). In each of these regions, patients with anxiety disorders showed less differential activity as a function of WM load compared to healthy controls. In four of the six clusters, anxiety patients showed a reduction in task-positive activity (i.e., decrease in positive load effect) for the Load 1 comparison (0-back vs. Fig. 4C] ). In the remaining two clusters, anxiety patients showed a reduction in task-negative activity (i.e., a decrease in the negative load effect) for the Load 1 comparison (0-back vs. 1-, 2-, 3-back; see Fig. 4 Panels J and K). These regions were located in the right cuneus (Fig. 4G ) and left posterior cingulate cortex (Fig. 4H) .
Threat × Load. WM load-related BOLD activity was modulated by Threat in three statistically significant clusters (see Table 3 ). As with Diagnosis, Threat reduced the magnitude of differential WM load-related activity in these regions. In two of the three clusters (left ventromedial prefrontal cortex [ 
WM LOAD-RELATED BOLD IS NOT DIFFERENTIALLY MODULATED BY THREAT IN PATIENTS VERSUS CONTROLS
Diagnosis × Threat × Load. Consistent with the performance data, WM load-related BOLD activations did not vary as a function of the combination of Diagnosis and Threat. The absence of the three-way interaction reflected the fact that the interaction of Diagnosis by Load was not modulated by threat (i.e., state anxiety). In other words, the performance deficits and reduced prefrontal cortical activity seen in the anxiety patients cannot be attributed to greater state anxiety.
DISCUSSION
The goal of the current experiment was to determine the effect of threat on WM performance in anxiety patients and healthy controls. We used threat of shock to increase state anxiety and subjects reported more state anxiety during the threat periods. However, results also show that patients were impaired relative to controls across all levels of the N-back task, and that this performance impairment was independent of the threat manipulation. Similarly, the task-positive BOLD activity in the dlPFC was reduced in patients relative to controls, in three distinct regions along the anterior to posterior axis. In addition, task-negative BOLD activity in the PCC was reduced in patients relative to controls, and a similar reduction of task-negative activity was observed as a function of Threat in the vmPFC and right parahippocampal gyrus. Importantly, although threat and clinical anxiety had similar effects on WM performance and WM-related neural activity, threat did not exacerbate cognitive deficits (at least with WM) or reduction in prefrontal activity in patients relative to the controls. Consistent with the second hypothesis raised in the introduction, these results suggest that poor engagement of the prefrontal cortex (particularly dlPFC) in clinical anxiety reflects a core component of the disorder rather than a transient effect of threat-related processing. [8] [9] [10] Our results seem to be inconsistent with several other studies of individuals with high trait anxiety. Subjects with high trait anxiety have been shown to have greater dlPFC activity compared to subjects with low trait anxiety during Sternberg WM trials that require manipulation of the to-be-remembered information. [6] One key difference between high trait anxious "healthy" individuals and patients with clinical anxiety is impairment. Anxiety patients (by definition) suffer from impairment in daily life to a greater extent than high trait anxious Depression and Anxiety individuals. In addition, high trait anxious healthy individuals may be resilient due to a potentially greater ability to recruit dlPFC activity during cognitive tasks, [6, 7] relative to their impaired counterparts. Consistent with this hypothesis, our results show a performance impairment in anxiety patients compared to controls. Likewise, Bishop show slower reaction time in their high trait anxiety sample. [9] In contrast, Basten et al. found similar performance for high and low trait anxious healthy individuals. [6] Taken together, these results could suggest that dlPFC activity is reduced by anxiety only when there is a performance deficit. One possible explanation is that dispositionally anxious individuals engage the dlPFC during off-task thinking, and that impaired individuals have difficulty recruiting this region for cognitive tasks. Consistent with this potential explanation, our dlPFC region of interest (ROI) closely matches the ROI where Forster et al. [50] found an association between dlPFC activation and intrusive thoughts. Also consistent with this hypothesis is that individuals with anxiety disorders report less control over their negative intrusive thoughts when compared to healthy controls with similar levels of worry. [51] 
TASK-NEGATIVE ACTIVITY AND ANXIETY
The current results replicate the common finding that decreased DMN activity accompany increased cognitive load. [38] [39] [40] In the current study, this effect was reduced as a function of both threat (vmPFC and hippocampal/parahippocampal gyrus) and clinical anxiety (PCC). The vmPFC plays a key role in emotion regulation, [52, 53] fear extinction, [48, 54, 55] and active efforts to deal with fearful stimuli. [56] Therefore, this anxiety-related DMN interaction effect (reduced WM-related DMN deactivation) may represent the effort to overcome anxiety regardless of task conditions. Additionally, in anxiety patients, this effect may reflect a general deficit in the patients' ability to flexibly disengage their attention from ongoing, potentially threat related, thoughts during tasks. [57] [58] [59] 
ORGANIZATION OF THE DLPFC
Anxiety patients showed reduced task-positive activity in three regions of the dlPFC, and these regions are organized along the anterior to posterior axis of the dlPFC. Interestingly, there is growing evidence that the lateral prefrontal cortex is organized hierarchically, with increasingly abstract information being processed in the more anterior regions. [60] Some have suggested that the most anterior portions of the lateral prefrontal cortex are involved in decision making based on abstract contextual principles. [61] Although the pattern of activity is similar across the three regions, the magnitude of the interaction effect seems to increase along the anterior to posterior gradient, consistent with the hypothesis that contextual information flows from anterior to posterior regions. [62] 
STRENGTHS AND LIMITATIONS
One of the strengths of this study is that we recruited only medication free participants who met the diagnostic criteria for an anxiety disorder, which sets it apart from studies investigating trait anxiety in otherwise healthy individuals. Another strength is that threat was manipulated according to a within-subject design, using a well-validated, translational procedure (i.e., threat of shock), [42] [43] [44] [45] [46] [47] which increased anxiety, interfered with task performance, and made the task more difficult according to the subjective reports. However, because of the aversive nature of the test, the recruitment of patients was more difficult and the number of patients excluded because of artifacts was greater compared to studies that take place in more neutral contexts. As a result, this study has a smaller sample size of patients than controls. Although this can be seen as a limitation of the current work, it should be noted that we corrected for group size in our statistical models, and that our sample size is comparable to several other recent studies published. [63] [64] [65] [66] [67] [68] Another limitation is that we do not replicate the effect that elevated state anxiety reduces WM performance. [4, 5, 23] One possible reason for this null result might be that our threat of shock manipulation did not increase anxiety or increased anxiety only minimally in our subjects. However, subjects reported significantly more anxiety during threat blocks than during safe blocks, and this effect size is comparable to that of our previous studies.
[ [3] [4] [5] In addition, there was significantly more activity in the anterior insula, and dACC during threat blocks than during safe blocks for both patients and controls, which has been reported previously in similar threat studies. [17, 69] Another possible explanation is that our load manipulation was not properly titrated to support a performance effect, particularly when considering possible effects of the scanning environment, which can impact performance. [70] However, we see clear behavioral differences as a function of load at all levels of analysis, and these differences accurately replicate the bulk of the findings with spatial WM. [38-40, 71, 72] Finally, although we studied healthy subjects and individuals with either GAD or SAD, it is unclear whether our effects are specific to these disorders. For instance, as expected, our patient population had higher depression (BDI) scores than the healthy subjects, and similar hypofrontality has been seen previously in individuals with depression. [73, 74] However, our effects were not due to higher levels of depression in the anxiety patients because the results remain the same after covarying out BDI scores in the final analysis of the BOLD activity. Another question is whether the WM deficit and dlPFC reductions generalize to patients with other anxiety disorders. For instance, individuals with post-traumatic stress disorder (PTSD) have also been shown to suffer from WM deficits [75] [76] [77] [78] ; additional research should be conducted to determine whether these deficits share similar etiologies.
CONCLUSIONS
Previous studies have shown that trait anxious individuals exhibit deficits in cognitive control mediated by the dlPFC. However, until now it was not clear whether this deficit was a core characteristic of individuals with high trait anxiety or a consequence of ongoing threat-related processing (e.g., worry). In this study, we experimentally manipulated threat and found that anxiety patients demonstrated WM performance deficits and reduced dlPFC activity, independent of this threat manipulation. These results suggest that poor cognitive control is a stable trait in anxiety patients. Furthermore, these results generate a testable hypothesis that WM deficits may predict future symptom severity or treatment outcome.
